**What is already known?**•The dimensions of the triangle of Koch in adults and older children**What this study adds**•The dimensions of the triangle of Koch and position of the coronary sinus ostium in near-term fetuses

1. Introduction {#sec0005}
===============

The coronary sinus (CS) is the major vein of the heart which opens into the right atrium. The CS is one of the landmarks that is used to define the triangle of Koch (TK). The TK is situated in the inter-atrial septum of the right atrium. The septal leaflet of the tricuspid valve and the tendon of Todaro are the other anatomical landmarks that are used to define the TK. The atrio-ventricular (AV) node is located at the apex of this triangle.[@bib0080]

Accessory conducting tissue responsible for supraventricular arrhythmias may course within the boundaries of the TK. The ostium of the CS is used as a site of entry into the right atrium during catheter ablation procedures used in the treatment of resistant supraventricular arrhythmias. Variations in the dimensions of the TK are likely to impact the outcomes of these procedures, especially in children.[@bib0085] With advances in technology, ablation procedures are increasingly being performed in neonates.[@bib0090], [@bib0095] In children, unlike adults the size of the TK is proportional to body size. Therefore, during ablation of a lesion of fixed size, there is a greater likelihood of damaging vital neighboring structures as compared to adults.[@bib0100]

While there have been a number of studies regarding the dimensions of the TK in older children, there is a paucity of data in neonates.[@bib0085], [@bib0105], [@bib0110] With catheter ablation procedures being increasingly carried out in neonates, it becomes imperative to have normative data in this age group. The CS ostium is one of the key landmarks in this region.[@bib0115] Though its morphometric characteristics have been reported in studies conducted in adults, the variability of its location relative to the other boundaries of the TK has not.[@bib0115], [@bib0120], [@bib0125], [@bib0130] This calls for a better understanding of the morphometry of the TK for ensuring successful ablation. Variations in the position and size of the CS ostium are likely to have a greater impact on the dimensions of the TK, as the other two boundaries are relatively constant in position.

A previous study compared the dimensions of the TK using two methods, one anatomical and the other used by interventional cardiologists, in postmortem adult hearts.[@bib0080] Significant differences were noted in the measurements made by the two methods.[@bib0080] The aim of the present study was to determine the variations in the position of the CS ostium in cadaveric fetal (28 weeks or more) hearts and to assess the impact that these variations had on the dimensions of the TK. The objectives of the study were to estimate the following: (1) position of the CS ostium with respect to the tendon of Todaro; (2) difference in the dimensions of the TK by two different methods (M1 and M2); (3) strength of association between the dimensions of the TK using M1 and M2; (4) strength of association between the dimensions of the TK using M1 and M2 after adjusting for the position of the CS.

2. Materials and methods {#sec0010}
========================

2.1. Study design and sampling {#sec0015}
------------------------------

This was a cross-sectional, analytical study conducted at the Department of Anatomy in a medical college attached to a tertiary care hospital in South India. Ethical clearance was obtained from the Institutional Ethics Committee before commencement of the study. Cadavers of fetuses already available in the department with a gestational age (estimated using crown-rump length) more than or equal to 28 weeks were included.[@bib0135] Fetuses with cardiovascular anomalies were excluded. Data available from an earlier pilot study in 16 fetal cadaveric hearts were used to calculate the sample size. The sample size was calculated for hypothesis testing for a difference between paired means. A final sample size of 28 was arrived at assuming a difference of 8 mm^2^ in the area measurements between M1 and M2, a standard deviation of 12 mm^2^ for each method, with the *α* error set at 5% and power at 90%.

2.2. Dissection technique and measurements {#sec0020}
------------------------------------------

The fetal hearts were dissected out from the cadavers and separated of all their vascular connections. The right atrium was opened along the sulcus terminalis. The TK was defined and photographed from above in a standardized manner, along with a scale for calibration and a pointer in the CS opening. All measurements were subsequently made on the photographs so obtained.

The methods M1 and M2 used to estimate the sides and area of the TK are shown in [Fig. 1](#fig0005){ref-type="fig"}.[@bib0080] For measurements by M1, line *a*1 was the tendon of Todaro. Line *b*1 was drawn through the CS opening, joining the tendon of Todaro and septal leaflet of the tricuspid valve line *c*1 was drawn along the septal leaflet of the tricuspid valve extending from the central fibrous body to the line *b*1 ([Fig. 1](#fig0005){ref-type="fig"}a).[@bib0080] Using M2, line *a*2 was the tendon of the Todaro. Line *b*2 was formed by joining the nearest point on the CS opening toward the side of the tendon, to the septal leaflet of the tricuspid valve. Line *c*2 was drawn from the central fibrous body along the septal leaflet of the tricuspid valve to join line *b*2 ([Fig. 1](#fig0005){ref-type="fig"}b).[@bib0080] When the tendon of Todaro was not prominent, traction was applied to the valve of the inferior vena cava and the linear prominence so formed was taken to be the tendon of Todaro. The length of the sides of the TK and its area by M1 and M2 were then estimated using ImageJ, an open source image analysis software.

The position of the CS with respect to the central fibrous body and the tendon of Todaro was estimated as shown in [Fig. 2](#fig0010){ref-type="fig"}. A line *K* was drawn from the central fibrous body to the nearest margin of the CS opening. The angle subtended by line *K* with side *a* (angle *k*) was measured. A perpendicular (*p*) line was drawn from the CS end of line *K* to side *a*, and the length of this line was measured. The magnitude of angle *k* and the length of *p* were used to define the position of the CS ostium.

2.3. Statistical analysis {#sec0025}
-------------------------

The paired *T* test was used to estimate any differences in the measurements between M1 and M2. The strength of association between the dimensions and area, between M1 and M2 was estimated using Pearson\'s correlation coefficient. Adjusted correlation coefficients were used to estimate the effect of the position of the CS on the strength of association between the values obtained by M1 and M2. A *P* value less than 0.05 was considered statistically significant.

3. Results {#sec0030}
==========

Of the 28 fetal cadavers studied, 10 (35.7%) were male and 18 (64.3%) were female. The mean gestational age was 32.4 ± 3.3 weeks. Using M1, the mean dimensions of the triangle in millimeters (mm) were 9.2 ± 2.2, 6.6 ± 1.8, and 6 ± 2.4 respectively for *a*, *b*, and *c*. Similarly, the dimensions using M2 were 7 ± 2.1, 4.7 ± 1.5, and 4.8 ± 2.2. The area in mm^2^ was 20.4 ± 10.4 and 11.7 ± 6.7 using M1 and M2 respectively ([Table 1](#tbl0005){ref-type="table"}). All the above parameters were normally distributed according to the Kolmogorov--Smirnov test. The paired *T* test showed that the dimensions of the TK and its area were significantly greater using M1 as compared to M2. All the correlation coefficients before adjusting for the position of the CS were high and significant ([Table 2](#tbl0010){ref-type="table"}). On adjusting for the position of the CS all the correlation coefficients were reduced, but were still high and significant. The mean perpendicular distance (*p*) of the CS ostium from the tendon of Todaro was 1.8 ± 0.45 mm. The mean angle (*k*) subtended by the line joining the central fibrous body and nearest point of CS ostium and the tendon of Todaro was 21.1 ± 6.6°.

4. Discussion {#sec0035}
=============

In the present study, all the sides and area of the TK measured by M2 were significantly less compared to M1. A previous study conducted on cadaveric adult hearts also showed similar results.[@bib0080] Method M1 more closely represents the TK as defined by anatomists in cadavers. When interventional cardiologists approach the heart through the CS, the TK that is accessible to them corresponds more closely with M2.[@bib0080] There have been a number of studies on the dimensions of the TK in children.[@bib0085], [@bib0105], [@bib0110], [@bib0140] However, the number of neonates, if present, in these studies was small. This study attempted to provide morphometric data regarding the TK in near-term fetuses using M1 and M2, and comparing them.

A previous study compared the dimensions of the TK in perinatal hearts with and without Ebstein\'s anomaly.[@bib0140] A comparison between the measurements of that study and the present study is shown in [Table 3](#tbl0015){ref-type="table"}.[@bib0140] It is to be noted that while differences in the lengths of *a* and *b* are minimal, the length of *c* and the area are considerably lower in the present study. It is possible that the size of the CS ostium has a role to play in explaining these differences. It is likely that the CS ostium is relatively larger in fetuses as compared to the other anatomical landmarks used to define the TK.

The relative difference between the dimensions and area by M1 and M2 seen in adult hearts was compared with that of our study ([Table 4](#tbl0020){ref-type="table"}).[@bib0080] Similar differences were noted between sides *a* and *c*. However, there were greater differences in side *b* and the area in the present study. These differences could possibly be explained by the differential growth of the boundaries of the TK till the heart reaches its full adult size. The main difference between M1 and M2 was the position of the perpendicular (side *b*) drawn from or through the opening of the coronary sinus. Thus, it was hypothesized that variability in the position and size of the CS opening was likely to have an impact on the dimensions as measured by the two different methods. This is the likely explanation for the base of the triangle (*b*) having the least correlation coefficient as compared to the other two sides. On adjusting for the dimensions of the TK with the position of the CS, the correlation coefficients obtained were lower than those without the adjustments. This indicates that variations in the position of the CS are not an important factor to explain the differences noted between M1 and M2. Further studies are necessary for elaborating the factors which affect the dimensions of the TK including the size of the CS ostium.

The position of the CS ostium is vital importance to the cardiac electrophysiologist.[@bib0115] This study adds data regarding the position of the CS with respect to the tendon of Todaro and central fibrous body. When data from the present study were compared with previous studies ([Table 3](#tbl0015){ref-type="table"}, [Table 4](#tbl0020){ref-type="table"}), the border that showed the most consistent dimensions across the studies was the tendon of Todaro (side *a*). This is in concurrence with a previous study which concluded that the tendon of Todaro was a reliable border for the TK and could serve as a landmark to locate the atrial components of the AV conduction axis.[@bib0145] By far the most common tachyarrhythmia seen in pediatric patients is supraventricular tachycardia.[@bib0090] While most of these children can be treated conservatively, a small proportion require catheter ablation.[@bib0090] One of the complications of this procedure is AV block.[@bib0100] This is more common in children with aberrant pathways in the atrial septum. During ablation of these pathways, the TK can be used as anatomical landmark. This study may thus aid by providing morphometric data about the TK which can be applied in neonates requiring catheter ablation.

This study has a number of limitations. The identification of the tendon of Todaro was based on gross appearance which may not be as reliable as a histological confirmation of its location. The conversion of the three dimensional nature of the TK into a two dimensional picture necessarily introduces some inaccuracies in the measurements. This study was done on formalin fixed hearts of cadavers in which the process of fixation could alter the dimensions of the TK. As the size of the CS ostium could not be accurately measured from the pictures, these data were not collected. These data could have provided additional valuable insight into the factors altering the dimensions of the TK. In the future, this study can be extended to locate the exact position of the AV node and AV nodal artery within the TK using histological methods.[@bib0140] It could be supplemented by reliability testing of the method (both intra- and inter-observer) and electro-physiological mapping studies.[@bib0150]

5. Conclusions {#sec0040}
==============

The present study was conducted with the intention of measuring the dimensions of the TK in the hearts of fetuses that crossed the period of viability by two methods (M1 and M2). Additionally, the location of the CS ostium was defined with respect to the tendon of Todaro and central fibrous body. Significantly higher values were noted in dimension and area measurements using M1 as compared to M2. High significant positive correlations were observed in the side and areas measurements between the two methods. The CS ostium was relatively constantly placed in relation to the tendon of Todaro.
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![A superior view photograph of the TK, after opening the anterior wall of the right atrium with a scale for calibration. The sides of the TK using M1 (a) and M2 (b) are marked. *a*1, *b*1, *c*1 -- sides of the TK using method 1; *a*2, *b*2, *c*2 -- sides of the TK using method 2; M1 -- method 1; M2 -- method 2.](gr1){#fig0005}

![A superior view photograph of the TK showing the method used to define the position of the CS ostium in relation to the tendon of Todaro. CF -- central fibrous body; CS -- coronary sinus ostium; SL -- septal leaflet of the tricuspid valve; TT -- tendon of Todaro; *K* -- line joining the nearest margin of the CS ostium and the central fibrous body; *k* -- angle subtended by *K* with side *a*; *p* -- perpendicular drawn from *K* to side *a*.](gr2){#fig0010}

###### 

Dimensions of the TOK using M1 and M2.

Table 1

  -----------------------------------------------------------------------------
  Triangle of Koch\   M1\                    M2\                    *P* value
  (*n* = 28)          (Mean ± SD mm/mm^2^)   (Mean ± SD mm/mm^2^)   
  ------------------- ---------------------- ---------------------- -----------
  Side -- *a*         9.2 ± 2.2              7 ± 2.1                \<0.001

  Side -- *b*         6.6 ± 1.8              4.7 ± 1.5              \<0.001

  Side -- *c*         6 ± 2.4                4.8 ± 2.2              \<0.001

  Area                20.4 ± 10.4            11.7 ± 6.7             \<0.001
  -----------------------------------------------------------------------------

###### 

Strength of association between the dimensions of the TK before and after adjusting for the position of the CS.

Table 2

  -------------------------------------------------------------------------------------------------------------
  Triangle of Koch\   Correlation coefficient (*r*)\   *P* value   Correlation coefficient (*r*)\   *P* value
  (*n* = 28)          Before adjustment                            After adjustment                 
  ------------------- -------------------------------- ----------- -------------------------------- -----------
  *a*1 and *a*2       0.844                            \<0.001     0.530                            0.035

  *b*1 and *b*2       0.819                            \<0.001     0.687                            0.003

  *c*1 and *c*2       0.945                            \<0.001     0.814                            \<0.001

  Area1 and area2     0.894                            \<0.001     0.758                            0.001
  -------------------------------------------------------------------------------------------------------------

###### 

Comparison of the dimensions of TK by M1.

Table 3

  --------------------------------------------------------------------------------------------------------------------------------------------
  Authors                              Study group                        Dimensions of the TOK by M1\                           
                                                                          (Mean ± SD mm/mm^2^)                                   
  ------------------------------------ ---------------------------------- ------------------------------ ----------- ----------- -------------
  Sánchez-Quintana et al.[@bib0140]\   Perinatal hearts\                  9.5 ± 2.6                      6.1 ± 1.5   7.5 ± 1.5   25.5 ± 6.5
  (*n* = 6)                            (35 weeks to 2 days after birth)                                                          

  Present study\                       Fetal hearts\                      9.2 ± 2.2                      6.6 ± 1.8   6 ± 2.4     20.4 ± 10.4
  (*n* = 28)                           (28--38 weeks)                                                                            
  --------------------------------------------------------------------------------------------------------------------------------------------

*a*, *b*, *c* -- sides of the TK.

###### 

Comparison of the relative difference in dimensions and area of the TK between adult and fetal hearts using M1 and M2.

Table 4

  --------------------------------------------------------------------------------------------------------------------------------------------------
  Authors                          Study group      Relative decrease (%) in mean dimensions and area of TK by M2 as compared to M1             
  -------------------------------- ---------------- --------------------------------------------------------------------------------- ---- ---- ----
  Zhivadinovik et al.[@bib0080]\   Adults\          18                                                                                40   19   52
  (*n* = 50)                       (20--88 years)                                                                                               

  Present study\                   Fetal hearts\    22                                                                                29   20   43
  (*n* = 28)                       (28--38 weeks)                                                                                               
  --------------------------------------------------------------------------------------------------------------------------------------------------

*a*, *b*, *c* -- sides of the TK.
